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in 3-3-1 models. We show that the mass of the extra neutral vector boson may be

less than 2 TeV.
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Recently it was proposed an clectroweak model based on the SU(3),, o) U(1)n
gauge symmetry [1,2]. The leptons are treated democratically with the three gen-
erations transforming as (3,0) but with one quark generation (it does not matter
which one) transforms differently from the other two. This condition arise because
the model in order to be anomaly free must contain the same number of triplets as
antitriplets. Hence, the number o generations is related to the number of quark colors.

In Ref. [1] the first generation is the one which transforms differently than the
second and the third ones. On the other hand, in Ref. {2] it was the third generation
which was treated differently. 1t was claimed that neutral currents could discriminate
between both choices of representation content [3].

The GIM mechanism in several 3-3-1 models was consider in Ref. [1]. Here we will
turn back to the problem of flavor changing neutral currents, in particular we will show
that the difference in the choice of the quark representations is less important than
it was thought at first sight. The lower bound for the mass of Z’ was overestimated
in Ref. [1].

We will use the notation of Rel. [1} but our results are trivially written in the
notation of Rel. [2]. We also do not cousider the lepton sector here because there is
no difference there.

Let us start by written the quark representations: one of the gencration transform

as (3,0), with the second entry denoting U(1)ny charges,

(]

Qi =1|d, )
J

and the other two as (3*,—-1/3):



Ji J2
Q?L =lu |, Q3b =1us (2)
(iz d3

The exotic quark J has charge 5/3 and j;, ¢ = i,2 have both charge —4/3. Eq. (1)
denotes the first or the third generation. At this stage it does not matter.

Denot‘_iug U' = (u1,u9,u3)T and D' = (di,d2,d3)T the symmetry eigenstates of
charge 2/3 and ~1/3 respectively, we can write the neutral currents with Lhe extra

neutral vector boson Z’ in this hasis [5]

Lru= *“L(U, YYEUL + Oy Y U 2
' 2C()h‘ 0”/ L LYL R‘y R R) u + H'C. (3)
with
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where we have defined hMa) =(1- 4.::)% and x = sin 0.

In the charge —1/3 sector we have,

EZ" D= — g>*(,)l 'Y“YD ’ + D/ NYDD, Z’ " .
' 2cosfly T TLTL RY' YR DR)Z, + H.c. (6)
with '
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In order to generate quark masses it is necessary to introduce the following lliggs

multiplets
77"’(370), /’~(3-‘)7 X ~(3s_])a (9)

and a sextet (6,0) which is necessary in order to give the leptons a mass [6], but we
will not consider it here because this sextet does not couple to the quarks.

The Yukawa couplings for the charged 2/3 and —1/3 sector are

"£Y = Q“‘Gml/‘;lﬂ] + Gl(t 1):,”0

F Qi Fiall! pp™ + FEio D!p™) + Hoc, (10)

with i = 1,2 and a = 1,2,3. SU/(3) indices have been suppressed and 37, p” denote
the respective antitriplets [7].

From Eq. (10) it is straightforward to write the mass term

Lo = U T UL+ 0, D0 V2D + He, (1)

where v,,v, are the vacuum expectation value of the neutral components of y and p

respectively and with the matrices

Gll C"IZ GI‘J Gll C"l‘l (;13
I‘U = F]Q?‘ P‘gvz?‘ Fz;ﬂ' [ FD = 1”:‘2]/7‘ ng/l' 13‘23/7‘ . (12)
Fyar Far Fyr Fm/" Faz/" pna/"

where we have defined r = v,/v,. The mass matrices can be diagonalized by making

the biunitary transformations



U, =Vi'th, Up=ViUn, (13)

Dy, =VPU,, Dk=VPDg, (14)

where U = (u,¢,t)T and D = (d, s, b)T are the mass eigenstates if we assume that the
first generation is the one which transform differlantly or U= (t,u,¢)T, D= (bd,s)"
if it the third generation whicli is treated in a different way. Both choices will differ
in the pa;'amct,criza‘tion of the matrices in Eqgs. (13) and (14). Here, we will choose
the first alternative.

Using (13) and (14) in Eqgs. (3) and (6) respectively we sce that

Vo vt UVE v S vty = vy (15)

VP 1P PVP P S vt PR =D, (16)

We see that the right handed neutral currents are diagonal but not the left-handed
ones.

Next, we want to consider some constraints that arise from experimental data
inthe K¢ — K° and D" — D systenis. Similar consideration could be made in the
B — B° system but we will not treat this issue here.

In particular, from Egs. (3), (6), (15) and (16) we write the vertices 3 *d and
ay"c,

/Un rU-

1. . —_
Cuc 4\/—11 [‘ Luu Iz’u - 5’12(‘17)(‘/511‘/[%:: + ‘/Hu Ltc ]“L7‘ CLJ + H.c.
. (17)

and

Loa= m["]ﬁ:"ﬁa =201 = 22) (VR VE + VOV BNy e, Z) + H.c.

(18)

N

Using the unitarity condition for the \r",f"’) matrices we can rewrite (17) and (18) as

1
ur=4\/_h (x) (14 SR @DV Vit e 2, (19)
W
and
Lo = T O~ AVEV " 7, (20)

respectively. From (19) and (20) we obtain the effective Lagrangian

GrM?2 )
seff FMz N2 (- 12 .
8= 5 s Ol (21)
and
G rM2
eff _ r Z 7] 2 BN
Cara = 5 Jags, Ol il (22)
where we have defined
, ] F%hz(nr) SUm U ”
Ouc = ( II(.I‘) "Luu "Lur‘ (-—‘;)
and
3 —A4x
o JPI ‘rDt‘ D D)
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Since we are intercsted just to give an order of magnitude of the parameters in (21)
and (22) we can assuine the vacuum dominance in the intermediate states and PCAC
to obtain the DY— DY and K1, — K's mass differences [10]. Defining Anaye = vy, —ge,

and Amp = mpo — mpg we obtain

AmD 2 [ M?Z 1 + 1], () o 2
Pl 25
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and
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We will use the “Bag constants™ B, [9] and By equal to one. The experimental value

for thesc mass difference are [11]
Amp < 1.3 x 107" MeV,  Amy = (3.522 £ 0.016) x 107'* MeV. (27)

Using my; = 497.676 £ 0.030 MeV and 1np = 1864.1 £ 0.1 MeV and not counsidering

the experimental error, since we are only interested in orders of magnitude, we obtain

An . Amye
o gox g, 20K

mp mpy

=7.08x 107" (28)

Assuming that the contribution to the Amp/mp and Amy /my coming from the Z’
exchange i.c., (25) and (26) are less than the experimental values given in (28) we

obtain
My > 4.16 x 100V VE ) GeV, (29)
and
Mz > 1.5 x 10%VE:VE) Gev (30)

We have used fp = 200 MceV and f)y = 161 MeV, z = 0.2325 and all other values
from Refl. [11]. We sce (roin (29) and (30) that it is possible to have a neutral boson

Z' with a mass of about 1.5 GeV if

s g -9 'Dwy,D _: .
Vi~ 1072 VEVE ~ 1072 (31)

Luu

On the other hand, the charged current with the W# boson is written as Dy Vi y U/},

with the matrix Vjyar is the Cabibbo-Kobayashi-Maskawa matrix defined as

Vewn = VP (32)

Hence, the values in (31) must be consistent with the condition (32). In principle this

. . . . U.D
is possible since we do not know the values of the matrices 177, In the standard

-1

model both matrices ‘,,Illl.l) appear only in the combination given in (32) and for this

Il

reason it is a usual convention to assuine that Vi py = V,f”, that is, ‘IU = 1. In the
model of Refs. [1, 2] this is not the case as we can see from (17) and (18). Hence,
both matrices survive in different places of the Lagrangian and it is too strong to
assume that VV = 1 [8]. Assuming V' = 1 is nol stable against radiative corrections
since all matrix elements evolve with energy according with the renormalization group
equation [12]. Notice the matrices VP will appear in the Yukawa interactions.

We see from (29)-(31) that it is not so important, as we could think at first sight,
which quark generation transforms differently from the other two. In any case, the
Z' mass could be less than 2 TeV.
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